Nevertheless, it is acknowledged that the kind of analysis required to design a subsidy programme is relatively demanding in terms of information. Ideally, the policymaker would need to have access to a single and consistent data set containing information on willingness to pay, water consumption and a range of socio-economic characteristics, each reported at the household level.
Clearly, such comprehensive information will rarely be available in practice. However, this in itself should not be regarded as a sufficient reason to abandon the counsels given above. As is illustrated in the paper, deficiencies in the available information can to some extent be overcome by collating different sources of data and imaginatively manipulating this data so as to generate estimates of the missing variables.
Based on the review contained in the paper, the most valuable sources of information are likely to be the following.
• Water company client databases-these provide robust information on the measured consumption of formal customers, but provide little information about unmeasured consumption or informal customers. The main drawback with this data source is that it will not contain any information on the socio-economic characteristics of the clients or their willingness to pay.
• General socio-economic household surveys-most countries conduct extensive household surveys on an occasional basis, many of them modelled on the World Bank's 'Living Standards Measurement Survey' blueprint. Such surveys provide excellent socio-economic data, but tend to record water expenditure rather than water consumption. Various deficiencies in the recording of water expenditure can make it difficult to make reliable inferences about water consumption.
• Willingness-to-pay surveys-these are generally tailor-made surveys conducted in the context of a specific project. They are an extremely flexible tool for determining willingness to pay, and may also be used to complete other gaps in the information base. However, they are subject to a range of methodological criticisms. Perhaps the most fundamental of these is the fact that they are based on hypothetical as opposed to real behavior. Where it is not possible to conduct a willingness-to-pay survey, international benchmark values may be used, based on previous experience.
ii Once a suitable data set has been constructed from these sources, a simulation model can be created using simple spreadsheet software. The model should be capable of addressing the following key design questions.
• What should the eligibility criteria be? Subsidies are generally assigned on the basis of eligibility criteria presumed to have a strong correlation with poverty. Using the subsidy data set, the targeting performance of alternative eligibility criteria can be compared by examining the proportion of the poor who would meet any particular eligibility criterion. It is also possible to examine what proportion of the eligible population are not genuinely poor, for any particular set of criteria.
• How large should the subsidy be? Economic theory suggests that the subsidy should be set equal to the difference between the willingness to pay of the poor and the cost of purchasing a subsistence level of consumption. However, willingness to pay is likely to vary with household income and subsistence consumption with household composition. Using the simulation model, it is possible to experiment with alternative reference levels of income and consumption, and to examine what proportion of poor households would be adequately protected by any given level of the subsidy.
• How much will the subsidy scheme cost? The costs of the subsidy programme must necessarily be commensurate with the available funding. A simulation model allows ready estimation of the overall costs of the subsidy programme. These depend not only on the size and scope of the subsidy, but also on the rate of uptake among eligible households, as well as the rate of infiltration of non-eligible households. The administrative costs of the programme also need to be taken into account, and, in particular, the proportion of total costs that are absorbed by administrative procedures.
Armed with this information, the policymaker should be in a position to design a subsidy programme that reaches the intended beneficiaries, provides them with the level of financial support which is strictly necessary, meets the overall budgetary restrictions, and does not waste an excessive amount of funding on administrative costs.
This type of approach was used in the design a subsidy scheme for the water sector in Panama. Although the proposed subsidy has not been implemented yet, the modelling approach was useful to discard the usedue to its poor targeting propertiesof a geographically based subsidy scheme in favor of an individually targeted one. In addition, the careful empirical analysis conducted in that study showed that most households did not require a subsidy in order to afford their water consumption bill. This evidence provided a justification for keeping the water subsidy programme focused on a relatively small group of very poor households. It was also instrumental in refocusing the proposed scheme towards a subsidy for sewerage installation, where a big disparity between bills and willingness to pay was identified.
INTRODUCTION
In the developing countries, water as a commodity is often subsidized. These subsidies are the result of a general underpricing of water, numerous cross-subsidies and the lack of efficient billing and collection. With few exceptions, there are generally no explicit welfare policy objectives behind these subsidies. They are the result of historical and political events, or simplyas in the case of inadequate billing and revenue collectionthe unintended (or perhaps intended) side effect of managerial inefficiency.
One of the stated aims of sectoral reform processes is the rationalization of water tariffs and subsidies. Ideally, policymakers must decide who they wish to subsidize and by how much, and select the preferred instrument for reaching these policy objectives. In other words, explicit subsidies, with well-defined objectives, budgets and instruments, should be designed to replace the existing implicit subsidy arrangements.
The objective of this technical note is to describe the informational and modelling issues that arise when designing a direct subsidy scheme for the water sector. There is no discussion of the rationale for these subsidies, nor of all the policy options available to the authorities, since these issues are already addressed in the accompanying paper entitled, 'Design of Direct Subsidy Systems for Water and Sanitation Services: A Case Study from Panama'. Rather, the present paper seeks to complement the policy discussion by providing a thorough treatment of the technical challenges that arise in seeking to implement the subsidy design methodology expounded in the companion paper.
Specifically, this paper will deal with the following issues.
• Section 2 identifies the different types of data that are required in order to make informed judgements about subsidy design options.
• Section 3 reviews the main sources of information that are available to the policy analyst, and compares their relative strengths and weaknesses.
• Section 4 provides a number of practical examples of how to overcome deficiencies in data sources by creative inference of key variables.
• Section 5 describes how the information collected can be used to simulate the effects of alternative subsidy design parameters using simple modelling techniques.
• Section 6 draws out the main lessons and conclusions from the rest of the paper.
As in the companion paper, the discussion will draw extensively on illustrative case material derived from a water subsidy design exercise undertaken for the Republic of Panama in 1998.
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4 The study was undertaken by Oxford Economic Research Associates Ltd., in association with ESA Consultores of Honduras, and EMG Consultores of Chile. Part of the credit for the work presented here is due to them.
INFORMATIONAL REQUIREMENTS
In order to develop an optimal subsidy scheme, there are numerous questions that need to be addressed. Of these, many require a quantitative answer. Important examples are the following.
• What are the targeting properties of alternative eligibility criteria? • How large should the subsidy be for each eligible user? • What are the budgetary requirements for any particular subsidy system?
To answer these questions, three types of data must be collected:
• willingness-to-pay data; • water consumption data; • socio-economic data.
The purpose for collecting each type of information will be discussed in turn.
Willingness-to-Pay Data
Ideally, an analyst would like to have information on users' willingness to pay for water and sanitation services. Willingness to pay is the maximum amount that a household would be prepared to spend to secure access to a given quantity of the service. Thus, in economic terms, it represents the limit of affordability of the service. Strictly speaking, it is equivalent to the area under the demand function for any particular consumption level.
Unless political or other considerations are to be taken into account, a reasonable rule would be to set subsidy levels to cover the shortfall between a vulnerable household's willingness to pay for a basic level of consumption and the associated bill. In formal terms, this idea can be expressed as follows.
Where, S is the level of subsidy accruing to each beneficiary household, T(c) is the tariff associated with the subsistence level of consumption, c, and WTP(c) is the willingness to pay for the service. It is important to note that subsidies should not be applied beyond the basic subsistence level of consumption, in order to avoid encouraging excessive consumption or diluting incentives to detect and repair leaks within the dwelling. Furthermore, such subsidies should be confined to those sectors of the population that are genuinely vulnerable.
Note that an analogous formula can be developed for connections or any other service that may be the subject of a subsidy.
The justification for the above rule is the following. In principle, the aims of a water subsidy scheme are to promote the connection of vulnerable households (and avoid their subsequent disconnection), and to ensure that, once connected, they attain a level of consumption compatible with the attainment of public health objectives. If the amount of the subsidy is set according to the above ruleand provided the WTP data truly reflects users' preferences and future consumption decisionsthen the subsidy will be sufficient to induce the user to consume at least the socially desirable minimum amount of water.
Off course, governments may have political or distributional motivations for introducing a water subsidy scheme, which may be unrelated or additional to the strict "affordability" criteria set out above. However, the working assumption of this paper is that the justification of a rational water subsidy scheme is to induce users to consume the socially desirable level of services. In part, this is due to the fact that governments generally have alternative instruments to distribute income that are better suited to that task than a sectoral consumption subsidy.
Water Consumption Data
Another important piece of information is the pattern of demand for different types of households. This data is valuable for several reasons.
• First, it can be used to establish the basic consumption level that will be subsidized, or, in other words, to determine what should be regarded as a subsistence consumption level in any particular instance. A good way of doing this is to examine the frequency distribution of consumption for vulnerable households. A cut-off point can then be selected (for example, the average consumption of vulnerable households or of the poorest 25% of these households). Alternatively, other sources of information could be used to derive this basic or 'subsistence' consumption level, including regional experience or engineering estimates of household basic usage. However, even in these cases, it remains advisable to check this external benchmark against real consumption data to make certain that it is not grossly under-or overestimating actual requirements.
• Second, it may be desirable for the subsidy to reflect the seasonal patterns of water consumption. For example, if basic or 'subsistence' consumption is higher during certain months of the year, the subsidy may need to reflect this. Although a subsidy calculated on a yearly basis will, on average, give the same benefit to users as a seasonal differentiated subsidy, the existence of liquidity constraints on the part of households may make it desirable to have varying degrees of subsidies during the year. This is especially so if tariffs have a peak pricing component that substantially increases bills during the peak consumption period.
• Third, where users are not currently metered (so that the above two points become somewhat irrelevant), it still remains useful to have information on water consumption patterns, particularly where there is a policy to increase metering. It is convenient to check that the minimum consumption level set for the subsidy is consistent with the real consumption of those households which are expected to be metered in the future. This will reduce the need to readjust the subsidy as the metering programme progresses. This requires estimating the consumption level of these nonmetered households. As a by-product, knowledge of non-metered consumption can be very useful to estimate the water company's levels of physical and commercial losses.
Socio-Economic Data
The final piece of information required is socio-economic data. These should ideally include household income or expenditure levels, poverty lines, and receipt of other welfare benefits, as well as general indicators of basic needs (such as the quality of housing and its associated facilities), and family wealth (such as durable goods ownership and the property value of the dwelling). This data is useful for the following purposes.
• To determine the target population group for the subsidy (i.e., whom is the subsidy attempting to benefit?)
•
To study the targeting properties of different eligibility criteria used to distribute the subsidy (such as geographic location, wealth indicators or other variables).
To determine the proportion of household income that is spent on water and sanitation. Often willingness-to-pay parameters are expressed as a percentage of household income or expenditure. In order to compare this threshold with the household water bill, it is necessary to have a measure of income or expenditure.
SOURCES OF INFORMATION
Ideally, it would be desirable to have a data set that contains simultaneously all of the above information for each household (h). With consumption (c), willingness to pay (wtp) and socio-economic characteristics (Z) recorded for each observation in the sample, it becomes straightforward to simulate the impact of alternative subsidy designs.
A full-scale demand study would be capable of generating all the necessary information. This is because the willingness to pay for a certain amount of a good is given by the area under the demand curve, while consumption behavior is also determined by the demand function. Furthermore, if exogenous socio-economic factors are included as determinants of water demand, and the distributions of these factors in the population are known, then all the required information would be available from one source.
However, in most cases, a comprehensive demand study of this kind will not be available. Even where such a study exists, it is unlikely that it will include all the socio-economic variables that are relevant for the design of a water subsidy. For example, geographic location or property valuations are most probably not important determinants of demand. However, for the targeting of a subsidy, they are crucial variables to analyze for their potential use as eligibility criteria. In addition, it is unlikely that a demand study will include a very detailed analysis of a household's total income or expenditure, which requires much effort to estimate correctly.
Most often, the ideal database will not available, so that the required information will have to be collated from different sources. Some degree of flexibility and creativity will therefore be required in order to answer the questions posed at the beginning of this paper. The main sources of relevant information are the following:
• client databases; • household surveys; • census data; • willingness-to-pay surveys.
Client Databases
A first source of information is the company's client database. This will typically contain monthly information on the number of customers, the value of their bills, the level of consumption for measured customers, the location of customers, and the tariff structure applicable to each customer. Thus, client databases are generally the best source of information on consumption levels (the c variable defined above).
The client database provides a helpful starting point, in particular because it can be used to create a frequency distribution of consumption patterns for measured customers, and to determine seasonal trends in consumption.
For example, under Chilean law, the government is allowed to subsidize water consumption up to a maximum threshold of 20m 3 per family per month in the case of vulnerable households. In order to establish exactly what the subsistence consumption level should be, the Ministry of Planning studied the client databases of the various regional water companies in order to understand water consumption patterns. This exercise was facilitated by the fact that there is universal metering of water in Chile. The analysis revealed that 80% of households consumed less than 20m 3 per month. This finding suggested that the maximum 20m 3 threshold was too generous an allowance for subsistence consumption, so that the subsistence consumption level to be used for the purposes of the subsidy was reduced to 15m 3 per household per month.
However, there are several drawbacks of a client database as a source of information.
• A client database will not include information on informal connections. As part of the reform process, there may be a campaign to formalize such users. The subsidy scheme may be designed to encourage such a process. If so, then the client database may be of limited use for the purposes of estimating the required individual subsidy, as well as estimating the total budget required for the subsidy programme in the future.
• A client database is not very informative as to the consumption level of unmeasured clients. However, a method for estimating this information indirectly from the client database will be presented later in the paper.
• The most important drawback of a client database as a source of information is the lack of data on the socio-economic characteristics of each household. Although the water company may have a special tariff for vulnerable households, rarely will the beneficiaries of this tariff correspond to a strict and objective definition of a lowincome or disadvantaged household. For example, in the case of Panama, about twothirds of the customer base benefit from concessional tariffs, whereas only 16% of the customer base live in conditions of poverty according to official definitions. For this reason alone, the client database rarely suffices as a source of information for subsidy design.
In Panama, a data set was created using the client records of the water utility, IDAAN. This database contained information on the location of clients, the corresponding tariff structure, and the consumption charged each month (whether measured, estimated or imputed).
Household Surveys
A very useful source of information is the data from household level expenditure or socioeconomic surveys. These surveys are routinely undertaken by the statistical offices of most countries in order to update consumer price indices, to measure poverty levels or to obtain other socio-economic information. Household surveys are probably the best source of information to ascertain poverty levels, demographic characteristics, and general socioeconomic information (the Z vector defined above).
Many countries follow some form of the Living Standards Measurement Study survey methodology, which was developed by the World Bank in 1980 and has subsequently been adopted (with minor variations) in more than 20 developing countries, including Panama. These surveys are one of the most popular tools for measuring living standards and poverty, as well as designing government policies and evaluating social programmes. 5 The detailed socio-economic measurements contained in these surveys make them an important source of information for designing a water subsidy scheme.
A suitable database of this kind can provide the following invaluable information.
• Estimates of family weekly, monthly or yearly income (or expenditure), that can then be divided by some measure of family composition to obtain an equivalent income (or expenditure) figure 6 . These figures can then be used to ascertain the number of households that fall below a given poverty line. Such poverty lines are usually established by the official statistical agency in any particular country, often based on information collected in the Living Standards Measurement Survey.
• Ownership of durable goods, dwelling characteristics, access to other utility services and other socio-economic data provide helpful alternative indicators of poverty within the context of a basic needs approach. This information is particularly important for examining the targeting properties of alternative subsidy eligibility rules, which tend to be based on readily observable household characteristics, rather than self-reported household income.
Although household surveys are extremely useful for a subsidy design exercise, they also carry a number of general drawbacks.
• These surveys are expensive and time-consuming to conduct, and governments therefore do not usually undertake them often, perhaps once every four or five years. This implies that, in some countries, the information may be somewhat outdated as compared to the client database, for example.
• Surveys are representative of the population according to a pre-defined sampling design frame (for example, the urban and rural areas of a country). They may not be representative of the population in the areas or zones relevant for the subsidy design (say, province or city level).
• Related to the above point, household surveys will not be very useful for classifying households based on fine spatial or geographic location. For example, an analyst would like to examine the properties of a subsidy targeted according to the specific location of a user (e.g., a neighborhood or block in a city). Surveys will usually not include this information, nor will they in general be representative at this level of disaggregation.
Beyond the socio-economic information they contain, most living standards measurement surveys include questions regarding water supply and sanitation in the housing module of the questionnaire. 7 This makes them particularly valuable in that they are potentially the only source of data that combines information on water use and wider socio-economic characteristics for particular households.
Typical questions include the source of water supply, the average number of hours a day in which a dwelling receives water, and whether there is a sewerage connection. Other questions that are sometimes included are the distance of the dwelling to the water supply, location of the tap, and other characteristics of the water and sewerage services.
As regards water usage, all surveys incorporate a question on the amount the household spent on water services during the last month or the last payment period, although they do not tend to record the volume of water consumed. As such, the only way that water use can be inferred from the information collected in the Living Standards Measurement Survey is to transform the monetary expenditure into a physical consumption variable by applying the corresponding tariff structure to the household's declared water bill.
Experience with applying this approach in Panama, see Section 4.3 below, revealed that the expenditure information was deficient in a number of respects, which made it very difficult to draw reliable inferences about the physical volume of consumption. In particular, these include the following problems.
•
The fact that there are multiple tariff structures applied to residential customers and that the survey did not contain any information on which tariff applies to which household.
• The absence of a variable identifying whether the household has measured water supply. Therefore, it is impossible to know whether the expenditure transformation gives actual or imputed water consumption.
• The quality of the expenditure data can be poor. Where the household was not able to produce a recent water bill, the estimate is based on memory. In these cases, it is not always clear whether the estimated consumption includes the charge for refuse collection, which is billed together with the water service. 7 The discussion that follows is based on an analysis of the questionnaires for the following surveys: Panama (1997), Peru (1994) , Albania (1996) , Bulgaria (1995) , Ecuador (1995) , Kyrgyzstan (1993), and Nepal (1996) .
Based on the Panama experience, several recommendations can be made to improve the usefulness of the water sector information of Living Standards Measurement Surveys and other related survey instruments.
• The interviewer training should emphasize the importance of asking for the actual bill in relation to expenditure on publicly supplied water and sewerage services.
•
Where the bill is not available, the interviewer should remind the interviewee to exclude from the estimate the costs of irrelevant services such as refuse collection.
• Furthermore, in these situations, the interviewer should register the fact that the expenditure recorded is based on the household's recollection rather than on the bill itself.
• A quality-control procedure should be implemented, whereby the interviewer alerts the household when a stated expenditure figure (based on recollection) is implausible (for example, if it is below the minimum charge of the tariff structure).
The survey should record whether the household has a water meter installed.
If the interviewer is able to see the actual water bill, it would be desirable to annotate the following information.
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• Whether the last bill was based on measured, estimated (based on past meter readings), or imputed consumption.
•
The particular tariff that was applied to the household (if this information is clearly specified in the bill).
The amount of water consumed in physical units (if this information is recorded in the bill).
The recommendations presented are relatively simple to undertake and would not increase the burden or costs of administering a survey. All that is required is to train interviewers to identify the above information from actual water bills, which, under current practice, they are obliged to see anyway.
Census Data
Another useful source of information on socio-economic characteristics may be the national census of a country. Census information usually includes a wide range of demographic, durable ownership and other socio-economic variables. They have several advantages over household surveys.
• By definition, censuses are representative at all levels of disaggregation, including very fine geographic locations.
• Related to the above, they can be used (and are used by official bodies in many countries) to generate poverty maps, which identify the neighborhoods or areas where the poor and vulnerable households are concentrated. This may be very useful information if geographic subsidies are to be considered.
However, census data has important drawbacks that limit their use for the design of a water subsidy scheme.
• The problems of outdated information may be more severe than in the case of surveys. As a general rule, censuses are undertaken once every ten years or so in developing countries.
• Another problem with census data is that income or expenditure are usually (if at all) poorly measured. This is a limitation if poverty is going to be assessed based on an equivalent income or expenditure basis.
• The information regarding water consumption and bills will be at least as bad (if not worse) than in the case of household surveys.
In Panama, census data had been used by a number of government institutions to create geographically based 'poverty maps'. Unfortunately, these poverty maps proved to be of limited value in the design of the water subsidy scheme. This was partly because they were eight years out of date, but also because they were based on relatively large geographic zones and did not contain very reliable information on household income.
Willingness to Pay Data and Surveys
Willingness to pay information is probably the most difficult to obtain. There are four potential sources for this information:
• econometric demand estimations; • surrogate markets; • specially designed surveys; • international comparisons and benchmarks.
As noted above, willingness to pay corresponds to the area underneath the demand curve. Econometric studies can be undertaken to recover the demand function based on past consumption behavior. 9 However, the applicability of this tool will probably be very limited for the following reasons.
• Estimating demand functions is not always easy. Besides the statistical and econometric problems faced, there is the added difficulty of obtaining a suitable data set that not only includes consumption by household and socio-economic variables, but also sufficient price variations to identify demand reactions;
• If consumers are not measured then they do not face a marginal price, and it would be impossible to estimate a demand function from past water consumption behavior.
• Difficulties in inferring willingness to pay from past demand behavior may be compounded when there are differences in the service quality received by different users. 10 For example, poor households (mostly unmeasured) may not receive a continuous service. Estimating their willingness to pay based on the behavior of richer (and measured) households, who receive a continuous service may be misleading.
If a full-scale econometric demand study is not available, a second possibility is to use a surrogate market approach. In this case, willingness to pay is inferred based on the behavior of households in a market for a good that is a complement or substitute for public water supply.
11 The obvious example is demand for non-piped sources of water (such as bottled water or truck-based vendors).
For example, this method was used in the Dominican Republic to provide a crude first-cut estimate of the demand function for piped water services. Information obtained from local sources indicated that households which lacked a connection to the public network were typically obtaining water at a cost of US$6.33/m 3 from water tankers, and were tending to consume approximately 7m 3 per household per month. That is equivalent to a total expenditure of US$44.3 per month. Whereas households with a connection to the public network were obtaining water at around US$0.13/m 3 and were consuming on average 37m 3 per household per month. That is equivalent to a total expenditure of US$4.93 per month. These two situations essentially describe two points on the demand curve for water, which can be used to make inferences about the overall demand curve and the corresponding willingness to pay. 12 However, the surrogate market approach also has its limitations.
• It is only applicable for households that are not connected or that have very infrequent service, which may not be the case for most of the target population of the survey. • It is highly questionable whether the data about consumption of piped and non-piped water really represent two points on the same demand curve. First, the quality of the 10 See Carpentier and Vermersch (1997) (and the references contained therein) for an estimation strategy of the willingness to pay for different qualities of potable water. 11 Both the surrogate market approach and the contingent valuation methodology discussed next are techniques that have been extensively developed in the environmental economics literature. A more rigorous and complete treatment of these and other techniques can be found in Freeman III (1994) . 12 In order to do this, it is necessary to make a (more or less arbitrary) assumption about the functional form of the demand curve. Two commonly used functional forms are the linear and the iso-elastic specifications.
two services is significantly different. For another, the socio-economic characteristics of the two groups of consumers may be very divergent.
A third alternative is to measure willingness to pay is to undertake a specific willingness-topay survey. These surveys use a 'contingent valuation' approach to deduce users' preferences for the service. This approach is based on the construction of a hypothetical scenario in which the respondents are asked to consider their willingness to pay for a particular change in the quality or quantity of the service. There are several advantages to this method.
• Since it based on a questionnaire designed by the researcher, it is very flexible, allowing for the estimation of the willingness to pay for a wide range of services and quality levels (e.g., connections to water, connection to sewerage, water consumption, treatment, etc.)
• It is relatively quick, although not inexpensive. A willingness-to-pay survey can be undertaken within a few months, but may well cost in the order of US$100,000.
• The survey may be used to obtain a useful set of complementary socio-economic information, including the ownership of durable goods, the dwelling conditions, whether the household is metered, the imputed or actual metered consumption (when the interviewer can see the household's water bill), and other relevant variables.
• As a by-product, willingness-to-pay surveys can also generate useful information about consumers' attitudes on a range of subjects relating to the water sector, including their attitudes towards different types of subsidies.
Willingness-to-pay surveys are not, however, without their drawbacks.
• The willingness-to-pay figures are not based on actual payment behavior, but rather on the respondents' replies to hypothetical questions. If respondents do not really believe that they would ever have to pay the amount they state in the survey, they may overstate their willingness to pay, for a number of reasons. For example, they may not have given enough thought to the other claims on their income, they may be embarrassed to admit to the interviewer that they would not really be willing to pay, or there may be strategic reasons why they may want to influence the ultimate policy decision. Indeed, there is a significant body of evidence from laboratory experiments to suggest that hypothetical willingness to pay can substantially exceed the real payments that consumers are prepared to make in comparable circumstances. 13 As a result, it has sometimes even been recommended that estimates obtained from willingness-to-pay surveys should be divided in half before being applied to inform policy choices (National Oceanographic and Atmospheric Administration, 1994) . 13 For a review of the experimental literature on the divergence between real and hypothetical willingness to pay, see Foster, V. et al. (1997) .
• Numerous empirical studies have shown that the results obtained from contingent valuation surveys are highly sensitive to the context and manner in which the willingness-to-pay question is posed. 14 In particular, results have been found to vary substantially depending on the following issues. First, the method used to elicit willingness to pay can have a major effect; in particular whether this is through an open-ended or closed question. 15 Second, responses are sensitive to the amount of information that is supplied about the good or service in question. Third, respondents' attitudes towards the institution that would be receiving the payment may colour the responses obtained (for example, whether the money would be paid to government, a private company or a charitable organization). Fourth, the order in which willingnessto-pay questions are asked, and the nature of the material that immediately precedes them in the questionnaire, are also pertinent factors. All of these choices about questionnaire design can introduce potential biases into the values obtained from survey respondents.
• After the data have been collected, the generation of willingness-to-pay estimates typically require a further stage of statistical analysis. 16 Here, once again, potential distortions can creep in, since a number of comparatively subjective decisions about the empirical analysis can have a substantial effect on the ultimate estimate of willingness to pay. These include the treatment of non-responses, or suspiciously large outlier values, as well as the choice of functional form for econometric estimation.
• From the point of view of subsidy design, a further disadvantage of these surveys is that they may not record household income or expenditure very accurately. To measure these variables, surveys have to be specifically designed and are usually much more extensive and expensive than contingent valuation surveys.
Notwithstanding these problems, numerous willingness-to-pay surveys have been conducted for the water sector. In Latin America, for example, such studies have been carried out in Caracas, Barquisimeto and Merida (Venezuela), Tegucigalpa (Honduras), Managua (Nicaragua) and Guatemala City (Guatemala). 17 Some results of these studies are presented in Table 3 .1, among them the outcome of the study conducted in Panama.
14 For an extensive discussion of the pitfalls of contingent valuation, the reader is referred to the seminal paper by Diamond and Hausman (1994) . 15 An open-ended question is one which takes the form, 'How much are you willing to pay?' while a closed question is one which takes the form, 'Are you willing to pay X?', followed by a 'Yes' or 'No' answer. 16 Ardila et al. (1998) comment on the distortions that can arise at the econometric stage. They also provide a wider panorama of the use of contingent valuation studies in project appraisals by multi-lateral institutions. 17 These studies were all conducted by ESA Consultores, Tegucigalpa, Honduras. Marginal households with poor service were on average willing to pay up to 3.5% of income for improvement. Those without access to piped service were on average willing to pay up to 5% of income for the service.
Managua 1995 Connection charges decrease substantially the probability of connection.
Panama 1998 Households in the lowest three deciles of the income distribution were on average willing to pay 4% of their household income for a good water service.
Caracas 1997
Marginal households with bad service were on average willing to pay up to 2.6% of income for improvement.
Connection charges decrease substantially the probability of connection.
Source: ESA Consultores.
If a willingness-to-pay survey is not undertaken, the final option is to use parameters taken from other regional or international studies of willingness to pay, or to use a benchmark parameter. Thus, the values of Table 3 .1 could be used to determine a range of feasible willingness-to-pay values (expressed as a percentage of family income or expenditure). It is striking that the results from this range of studies are comparatively consistent with the willingness to pay of poorer households for piped water supplies invariably falling in the range 3-5% of household income.
A similar approach is to make use of some standard benchmark parameter. A popular reference value that has been adopted in some countries is that prescribed by the Pan American Health Organization, which recommends that household water bills should not represent more than 5% of household income (3.5% for water, 1.5% for sewerage). In Chile, for example, an explicit target of the water subsidy scheme is to reduce households' water bills below this 5% benchmark. The advantage of using parameters from international or regional experiences is that they are readily available. However, there is also the disadvantage that the particular parameters chosen may not be applicable to the particular area under study.
Other Data Sources
There are a number of other data sources that may provide relevant information for the design of a water subsidy scheme. These include the following.
• Property value registers can be of interest, in so far as property value can be regarded as a reasonable proxy for household wealth, and therefore as a potential eligibility criterion for receipt of the subsidy. In practice, many property value registers can be very incomplete and often highly out of date, factors that limit their value in this context.
• Databases kept by other public entities that are providing welfare benefits-this information may help to identify vulnerable households.
Most of these other data sources will contain information on a limited set of variables, and the question arises as to how to integrate these variables with the information derived from other sources. This point is addressed in the following section.
DEALING WITH INCOMPLETE DATA SETS
The discussion of the previous section illustrated that, ideally, it would be desirable to have a set of data that combines information on consumption, willingness to pay and socioeconomic characteristics. At the same time, it indicated that there are very few sources of information that encompass all three of these aspects. Consumption data is most readily obtainable from water company client databases, and these lack any other kind of information. The most complete socio-economic information is likely to come from household surveys, which often lack data on water consumption. While willingness-to-pay data will often come from contingent valuation surveys, which may, or may not, collect adequate information on the other variables of interest.
In practice, the analyst will often have access to a reasonably good source of information on socio-economic data, while information on water consumption will either be missing or incomplete. As an illustration of how creative data analysis can be used to overcome the problems posed by incomplete data sets, this section presents some techniques that were developed in Panama with a view to inferring the following:
• unmeasured consumption; • consumption from expenditure data; • consumption from socio-economic characteristics.
These examples are intended to be illustrative rather than exhaustive. Other researchers will probably create new approaches that will enrich the practice in this field.
Inferring Unmeasured Consumption
The consumption of non-metered households cannot be directly observed, yet it is often relevant for subsidy design, especially when metering coverage is expected to increase in the near future. It is not generally reasonable to suppose that unmeasured households consume the same amount as measured households, for two reasons. First, the former face a marginal price of zero for water consumption and (other things being equal) are therefore likely to consume more than the latter, who face a positive price at the margin. Second, the distribution of meters across the population is not generally random, but typically shows a positive correlation with income levels and socio-economic status. If consumption behavior is also positively correlated with these variables, then there will be a selectivity bias when unmeasured consumption is inferred from the behavior of measured clients.
One possibility is to estimate unmeasured consumption indirectly by examining the behavior of a client during the first few months after a meter is first installed. It is reasonable to conjecture that previously unmeasured households will adjust their consumption gradually over time, or at least only after the have received their first measured bill. Therefore, water consumption during the first few months after a meter is installed may be informative as to the consumption level of unmeasured households, provided that the meter installation programme is relatively random with respect to the type of new households that are metered. Table 4 .1 presents monthly household consumption data for the first four months after the installation of a meter for the case of Panama. These households were identified from the IDAAN client database as those that, during the period of data available (May 1997 to April 1998), show a clear pattern of transition from unmeasured to measured bills. For example, the monthly data for a particular household shows that, during the first four months of the period, the water bill was based on unmeasured imputed consumption. Subsequently, every other bill is based on measured consumption. On this basis, it was inferred that the household in question had a meter installed during the fourth month.
The table shows that the average monthly consumption for households facing the residential tariff declined by about 25% over the first four months of metering (falling from 14,700 to 11,400 gallons per month) 18 . However, no such decline can be observed for the customers in the other two tariff bands, whose consumption actually increases slightly in the first few months following the introduction of metering. which is close to the average consumption for measured households. These results suggest that unmeasured consumption may be as high as 66% above measured consumption. The differences in results between these two estimations may reflect differences in demand conditions between the two populations examined.
Finally, it is also interesting to compare these estimates of unmeasured consumption with the official estimates used by the water company to calculate the bills payable by unmeasured households. The summary statistics, which appear in Table 4 .2 below, can be compared with the figures presented above. The average consumption imputed to unmeasured customers charged according to the special and interior tariff structures is remarkably close to that observed when these customers were initially metered. However, the estimated consumption for residential customers is substantially lower than the consumption levels observed in the first month of metering. The implication is that unmeasured residential customers are probably being undercharged in the present tariff structure. 
Inferring Consumption from Expenditure Data
As noted above, the Living Standards Measurement Survey for Panama did not include direct information on water consumption, but only on water expenditure. Moreover, the water expenditure data collected was deficient in a number of respects. The main problems were the absence of information as to whether customers were measured or unmeasured, and on the tariff structure against which each customer was paying. Furthermore, it was not always clear whether the reported expenditure included or excluded the costs of refuse collection services that are jointly billed with water.
In order to gauge how substantial the divergence might be between actual water expenditure and that reported in the Living Standards Measurement Survey, histograms were plotted comparing the frequency distribution of expenditure in the survey as against the client database of the water utility, IDAAN. The resulting distributions for the standard residential tariff and the special social tariff are presented in Figures 4.1 and 4.2 respectively.
In both cases, there is a striking contrast between the two distributions. The key differences are as follows.
• The distribution of expenditure from the client database shows a marked concentration of households around the B./4.26, B./4.60, B./5.68 and B./ 8.00 (US$ 4.26 TO US$ 8.00) mark, which represents the minimum charge payable (depending on the specific tariff structure). Moreover, the vast majority of clients seem to have bills around this level. Neither of these features is found in the distribution of expenditure from the Living Standards Measurement Survey, which presents a much flatter distribution of expenditure.
• Furthermore, in the first figure, there is a slight spike in the distribution at around the B./12 (US$12) mark. Interestingly, this is exactly the level of expenditure that a residential household would incur if refuse collection charges were not subtracted from the water bill (B./6.40 for minimum water consumption on the standard tariff, and B./5.60 for refuse collection). This is suggestive of mistaken inclusion of the refuse collection charge in a significant number of cases. 
IDAAN LSMS
Notwithstanding these deficiencies, some attempt was made to retrieve consumption information from the expenditure data contained in the Living Standards Measurement Survey. In order to do this, the following assumptions had to be applied:
• all the reported expenditures related to water and sanitation services, and not to refuse collection services; • households in metropolitan areas paid the metropolitan tariff, while those in the interior paid the provincial tariff; • households in the first four deciles of the income distribution were paying in accordance with the concessional tariff structure; • the water utility was correctly imputing the consumption of unmeasured households when calculating their bill.
On this basis, physical water consumption could be estimated for each household (albeit imperfectly) by applying the corresponding tariff structure to the water expenditure figure.
Inferring Consumption from Socio-Economic Data
Having performed the conversion from expenditure data to consumption data described above, a further problem remained with the Panama data. About 17% of households included in the Living Standards Measurement Survey stated that they did not pay their water bills and, hence, their reported expenditure was equal to zero. Clearly, in this case, the expenditure approach could not be applied and some alternative method would be required.
A suitable method for dealing with this kind of situation has been developed by Rajah and Smith (1993) in their work on the distributional impacts of introducing water metering in the UK. These authors had access to two data sets:
• a large-scale nationally representative household survey with a very rich set of information on income and other socio-economic indicators, but scant information about water consumption; • a small-scale detailed local study of water consumption with a very limited range of socio-economic variables.
With the aim of incorporating a consumption variable into the household survey, Rajah and Smith (1993) estimate a water consumption function from the second data set based on socioeconomic variables that are common to both data sets. 19 The regression equation is stated formally below, where c is consumption, X are the common socio-economic variables and e is a stochastic error term. On the basis of this equation, it was then possible to predict consumption levels in the large-scale household survey by inserting the values of the corresponding socio-economic variables. e X X c k k
This approach is clearly relevant to the estimation of the missing consumption variables in the Panama Living Standards Measurement Survey. Taking the inferred consumption levels from that part of the sample which reported water expenditure, a consumption function was estimated on the basis of the numerous socio-economic variables contained in the survey 20 . These included household size, household expenditure, water service variables, geographical variables and a range of characteristics of the dwelling. The results, which are reported in Table 4 .3, indicate that most of these variables are statistically significant in determining water consumption and that, overall, they explain some 37% of the variation in water consumption between households.
The consumption function was then used to assign an estimated consumption level to all households in the sample-both those with no recorded expenditure and those who reported positive expenditures on the water service. This ensured that the consumption of all households was estimated on a consistent basis. Table 4 .4 reports some summary statistics for the estimated consumption levels. It is interesting to note that the average consumption levels for households below and above the poverty line are close to those observed in the IDAAN client database, although slightly larger.
Before leaving this subject, it is important to point out a number of limitations with this regression-based technique for imputing missing values from complementary data sets.
• First, there are general econometric issues that arise with the above approach. For example, the use of only those explanatory variables that are available in both data sets may create an omitted variable problem in the first stage estimation of the consumption equation. Thus, the prediction of water consumption in the second stage may be biased.
• More fundamentally, the prediction of water consumption in the second stage will be the expected value of consumption conditional on the explanatory variables. These values will tend to be less dispersed than the original consumption data, so that extremely high or low consumption values disappear. The above problem may become important in settings where the treatment of the extreme values is a particularly sensitive policy issue. A relevant example would be the case of poor households with many family members, or with special medical needs, which require relatively high unavoidable water usage. 
MODELLING AND SIMULATION ISSUES
The discussion above has focused on data requirements and sources, as well as a number of techniques for overcoming the problems posed by incomplete data sets. This section turns to the question of what needs to be done with the data once it has been collected, so that it can be used to answer the main design questions raised by a subsidy scheme.
All of the calculations described below can easily be done in a spreadsheet programme or other software. The creation of a simulation model to undertake these calculations should be regarded as a key stage in any subsidy design process. Specifically, there are three aspects of direct subsidy design where quantitative modelling can be particular helpful:
• determining eligibility criteria for a subsidy scheme; • establishing the appropriate magnitude for the subsidy; • estimating the budgetary requirements of the subsidy programme.
Throughout the following discussion, it is important to note that the results of any quantitative analysis based on the sample of data collected for the purpose needs to be extrapolated to the population as a whole before any firm policy conclusions can be drawn. In the case of most household surveys, this is relatively straightforward, as the data sets typically include expansion factors. These are coefficients that reflect the number of households in the overall population that are represented in the survey sample by any particular observation.
Determining Eligibility Criteria
One of the principal reasons for merging all the above information into a single data set is to be able to study the errors of inclusion and errors of exclusion of different targeting mechanisms. The intention should always be to target water subsidies on the poor, defined as those with equivalent income below some specific threshold. However, in practice, household income is difficult to measure reliably. Eligibility for the subsidy would therefore typically be determined with reference to some other more readily observable variable(s) that has a demonstrated correlation with poverty.
Experience shows that it is difficult to find good proxy variables for poverty, and the suitability of any candidate variable should therefore be rigorously assessed. It is presumed that the data set constructed will contain information both on household income and on the values of a range of possible proxy variables. Using this information, a simulation model can be developed to test for the targeting properties of alternative proxies. The model should be able to perform the following tasks.
• Identify how many households in the sample are in the target population, in the sense that they are genuinely poor. The target population would correspond to all households for which the poverty indicator variable P ≤ P * . For example, P could represents household equivalent income, and P * the first quintile level of this variable.
In this case, the target population corresponds to the 20% of households with the lowest equivalent income.
• Identify how many households in the sample would be identified as eligible for the subsidy on the basis of any particular proxy variable(s). The eligible population would correspond to all those with socio-economic characteristics, Z, complied with the eligibility criterion Z ≤ Z * . For example, Z could represent the presence of a telephone connection in the household. In this case, the eligible population corresponds to those who do not have a household telephone connection.
• Calculate the proportion of households in the target population who would not be deemed eligible in terms of the proxy variable; these are the errors of exclusion (E E ). For example, it may be that a few households in the first income quintile have a telephone connection for some exceptional reason. More formally, these can be expressed as follows. • Calculate the proportion of households considered eligible who would not belong to the target population; these are the errors of inclusion (E I ). For example, it may be that many of the households which lack a telephone connection have income levels above the first quintile of the distribution. More formally, this can be expressed as follows. On the basis of this analysis, the simulation model should be able to produce output along the lines illustrated in Table 5 .1. By varying the eligibility criterion, the policymaker should be able to compare the targeting properties of alternative proxy variables and iteratively establish the most suitable targeting criteria, along the lines illustrated in Figure 5 .1.
In the case of Panama, this type of analysis was critical in leading to the rejection of a geographically based criterion for the water subsidy and in identifying which household level variables should be considered as a basis for eligibility. 
Results

Meets eligibility criterion
Establishing the Magnitude of Subsidy
As stated earlier, a reasonable approach to setting the level of the subsidy is given by the following formula.
In order to apply this formula it is necessary to have information on the following two variables, both of which should appear in the overall data set.
• The first is the consumption level of each household, in order to be able to work out the bill that would apply given the applicable tariff structure.
• The second is the income level of each household, given that willingness to pay is often expressed as a percentage of household income.
Ideally, it would be optimal to give each individual household a subsidy level consistent with the above formula, using the consumption and income levels corresponding to each household. However, such an individually tailored subsidy would be extremely expensive to administer. Therefore, in practice it is necessary to calculate the required magnitude of the subsidy with respect to some sort of average or representative household from the target group.
A first approach would be to use the average values of the target population for each variable 21 . That is, to set the subsidy level as the difference between the average bill and the average willingness to pay of the target population. This subsidy level would then be applied to all eligible households. However, within the target group, there will be some households that are relatively better off than others, and some that have relatively high essential needs compared to others. For some of these households, the subsidy will be insufficient to induce them to consume the required amount of water, while, for others, it will be excessive. It is therefore important to check the effects of this subsidy by modelling the impact of the 'average' subsidy on each individual household. This can be estimated as follows.
( )
If d is very negative for a substantial number of households, then using an average value for estimating the subsidy level may not be appropriate. This, in turn, will depend on the dispersion in consumption and willingness to pay within the target population group.
In the above case, perhaps it would be advisable to explore the effects of setting the subsidy level according to the values of consumption and willingness to pay of, say, the poorest 25% of the target population. This approach will almost certainly increase the level of subsidy, thereby offering more protection for the poorest of the poor. However, this comes at the expense of increasing benefits to the other poor households that do not really require this level of support, and thereby raises the budgetary requirements of the subsidy. A second alternative is to explore the possibility of a differentiated subsidy, one level for very poor households and another (lower) for the relatively better off among the target population. This approach would save budgetary resources, but it increases the administrative costs of the programme because it now becomes necessary to identify two separate categories of consumers.
An approach of this sort was used in Chile where subsidies are set regionally in order to account for varying income and tariff levels across the country.
By varying the consumption and income reference levels, the model should allow the policymaker to determine iteratively the appropriate magnitude of the subsidy, along the lines illustrated in Figure 5 .2.
The simulations undertaken for the case of Panama showed that, while most poor households did not require a subsidy for water consumption, the poorest among the poor would require one. Based on these results, it was recommended that only a very small fraction of households (those in extreme poverty) should benefit from a water consumption subsidy. 
Estimating Budgetary Requirements
Another element that should inform the design of a water subsidy scheme is its total budgetary requirement, as well as the related administrative costs. The direct costs of the subsidy are easily estimated as the number of eligible households times the value of each subsidy. (If there were some differentiation of the subsidy level by household, then the formula below should be adjusted to take this into consideration.) The basic formula is as follows.
Note the presence of the multipliers δ and ρ. The first of these, δ, represents the rate of uptake of the subsidy, since not all the households in the target population will apply to receive the subsidy. The lower the percentage of households in the target group that apply, the smaller the budgetary requirements. The second of these parameters, ρ, represents the rate of infiltration. This is because, however rigorous the screening procedures, it is likely that some households outside of the target group will succeed in demonstrating their eligibility. The higher the rate of infiltration, the larger the budgetary requirements.
The parameters ρ and δ cannot be predicted with precision. Rather, it is best to experiment with a range of alternative assumptions in order to examine the sensitivity of the budgetary requirement to variations in these coefficients.
The formula given above provides a prediction for any given year. For fiscal planning, it may be convenient to project expenditure on the programme for future years. This is relatively simple to do, provided that some dynamic assumptions are made with respect to the growth in the number of eligible households.
To estimate the administrative costs of a subsidy programme requires more effort. They will include the costs of processing the applications for the subsidy, administering household interviews, and managing the information system needed to keep track of eligible households. A particularly important performance parameter for a subsidy programme is the ratio of administrative costs to the overall costs of the subsidy.
In the case of Panama, administrative costs were estimated based on a series of assumptions regarding:
• the number of households which were eligible for the subsidy; • the frequency with which eligibility should be reassessed (Y); • the rate of uptake (δ) and of infiltration (ρ) which, together, determine the number of interviews to be undertaken for each eligible household identified; • the mark-up of fixed administrative costs over variable administrative costs (ϕ); • the number of interviews that a social worker can undertake in a year (V); • the salary of each social worker (w).
The general formula is stated below.
Some of the parameters for this estimation were taken from the previous experience of social workers in the existing public-sector water utility, IDAAN. Considerable sensitivity analysis was undertaken with respect to the key parameters.
In parenthesis, it should be noted that the administrative costs of a water subsidy programme are lower when there is already a targeting mechanism in place in the country that is used to allocate other welfare benefits. In this case, only the additional or marginal administrative cost of the subsidy should be attributed to the water programme.
On the basis of this analysis, the simulation model should be able to produce output along the lines illustrated in Table 5 .2. By varying the assumptions made about the key parameters, the policymaker should be able to determine the overall costs of the programme, and to establish iteratively the subsidy design parameters that are compatible with the overall budgetary, along the lines illustrated in Figure 5 .3. 
CONCLUSIONS
This paper has discussed some of the practical issues that have to be dealt with when designing a rational water subsidy scheme. A central conclusion is that the choice of suitable design parameters for a subsidy scheme needs to be supported by appropriate empirical analysis to simulate the impact of alternative types of subsidies on the ultimate target population. Without such investigation, there is little guarantee that a subsidy system, however well meant, will meet its intended objectives.
Clearly, such comprehensive information will rarely be available in practice. However, this in itself should not be regarded as a sufficient reason to abandon the counsels given above.
As has been illustrated in the paper, deficiencies in the available information can to some extent be overcome by collating different sources of data and imaginatively manipulating this data so as to generate estimates of the missing variables.
Based on the review conducted above, the most valuable sources of information are likely to be the following.
Once a suitable data set has been constructed from these sources, a simulation model can be created using simple spreadsheet software. The model should be capable of addressing the following key design questions.
